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REMARKS 

ClaimB 1, 2, and 4-24 are now of record in this application 
Claims 1, 4, 5, and 8 have been amended, claim 3 has been 
canpelled, and new claims 22-24 .have been added, 

Support for the amendments is inherent in the- original 
disclosure. Claim 1 has been amended to incorporate original 
claim 3 therein, Claims 4, 5, and 8 have been amended 
apcprdingly to correct their dependency. Support for new claim 
22 may be found in paragraph no. 002 7 on page 11.. Support for 
claims 23 and 24 may be found in paragraph no. 0026 on page 



new 



11 and Table 3 on page 20. 



Rejection Under 3.5 U.S.C. _102/3_Q3 



Claims 15-21 have been rejected under 35 tj,$.C. 102(b) as 
anticipated by, or in the alternative, as obvious Over 
Bagireev in view of Shinogi (2003 , Basic Characteristics of Low- 
ure Carbon Products from Waste Sludge, Adv. Environ. 
7-661-665) and Chiang. The Examiner has taken the position 
the activated carbons of Bagreev contain a high phosphorous 
(demonstrated by Shinogi) and anticipate the claims, 
icants respectfully disagree . 
Bagreev discloses the production of adsorbent by the 
carbonization of municipal sewage sludge (i.e., Terrene). The 
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sludge Is pyrolyzed at 400 to 950°C in a nitrogen atmosphere and 
washed in HCl (page 1537, col, 2, under "Materials"),- These 
adsorbents are. designated SC4 00 through SC950, depending on the 
temperature", of pyrolysis. The BET surface area of the adsorbents 
is shown in Table 4 on page 1541. The highest surface area is 
exhibited in CS8 00A, with a BET suirfape area of 193 m 2 /g. Note 
tha; samples designated W S208" refer to carbons produced from 
coconut shells (pa,ge 153 7, col, 2, last paragraph). The authors 
also note that the adsorbents contained catalytically effective 
amounts of iron, copper aiid aluminum oxides (page 1540, col. 1, 
linfcs 1-3 of the last paragraph) f The carbonized sewage sludge 
is effective as an for adsorbent for hydrogen sulfide. 

Shinogi (2003, Basic Characteristics of Low- Temperature 
Carbon Products from Waste Sludge, Adv. Environ. Res., 7:661-665) 
discloses the preparation of a pyrolysis product of cattle manur 
by heating to 38 0°C in an atmosphere of limited air, and reports 
the properties of the product. The pyrolysis product has a very 
low surface area of 2.2 m 2 /g, an ash content of 25.6% and an 
elemental carbon content of 49.2%. The authors describe the main 
use fo* the pyrolysis product as a soil amendment due to the higi. 
phosphate ion, organic nitrate and potassiutn ion qontent. 

Chiang discloses the preparation of adsoirbents by pyrolysis 
of Municipal sludge. The sewage sludge is treated with ZnCl 5 , 
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on 



pyrolyzed by -heating to 400 to 1,00 0°C in a N ? atmosphere, and 
washed with HCL. The BET surf acq area is disclosed in Table 2 
page 924 and may be as high as 585.1 m 2 /g and varies with the 
temperature of pyrolysis and the ZnCl 2 concentration.' 

The instant invention is drawn to a process for the cre^ti 
of kctivated carbon from poultry manure which possess enhanced 
activity for the adsorption pf metal ions. The activated carbons 
of :his invention are produced by carbonization (also known as 
pyrolysis) of the manure, followed by activation. Activation is 
effected by treatment of the pyrolyzed material with steam, C0 2 
or other activation gas (paragraph rip ? 0022 bridging pages 8-9, 
and lines 14-22 of paragraph no. 0025 bridging pages 10-11) 
resultant activated carbons produced from poultry manure possess 
a high BET surface area, at least about 200 m 2 /§, and exhibit 
high metal ion adsorption capabilities in comparison to 
conventional activated carbons. In addition, these activated 
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carbons prepared from poultry manure have a high, phosphate ion 
content, at least about 4% by weight, which applicants believe 
provides the above-mentioned ion adsorption capabilities. this 
is not disclosed or suggested by the prior art . 

Neither the primary reference, Bagreev, nor the cited 
supporting references, Shinogi and Chiang , disclose or suggest 
producing activated carbons from poultry manure as claimed, 

10 
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Municipal sludge, which will typically comprise a diverse mixtur 
of materials generated from homfes, businesses and sewer runoffs 
ranging from human excrement, to humaxa foods, laundry wastewater, 
home and industrial chemicals? , rainwater, fertilizers, 
pesticides," an<3 soil, is fair different from poultry manure, 
defined in the specification as containing bird droppings, 
feathers and beddiiig material "(paragraph no. 0018, pages 6-7) . 
Thus, this 102/103 rejection must be based upon a holding of 
inherency.. However, Bagreev contains disclosures which 
unm;.stakenly distinguish the pyrolytic adsorbent disclosed 
therein from that of the claimed invention. Of particular note, 
the adporbent of Bagreev possesses a significantly lower surface 
area and it is not activated. 

Bagreev discloses at Table 4 on page 1541 that the BET 
surface area varies from 8 to 193 mVg. The highest surface ares, 
is exhibited in CS800A, with a BET surface area of 192 m 2 /g, • 
below the claimed BET surface area of 2 00 m 2 /g, and significantly 
less than the area of 300 mVg of claim 13. Further, the 
adsorbent, of Bagreev is not activated, but only pyrolyzed. In 
other words it is simply a char. Activation to produce activated! 
carbons, as claimed, requires the treatment of the pyrolytic 
product (i.e., char) with an activating gas such as steam to 
remove organic contaminants and increase pore size (lines 14-22 

. 11 
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of paragraph no. 0025 bridging pages 10-11) . The prior art of 
record, confirms that the activation of a pyrolyzed char is 
generally recognized in the art -to 'modify thfe char by effectively 
removing contaminants therefrom and increasing pore structure 
(sefe, for example, Abe, U.S. patent 5,336,462, col . 6, lines 33- 
42; and page 715, paragraph 3 of Bilitewski, Production and 
Possible Applications of Activated Carbon from Waste, Recycling 
Berlin, "79 Int. Recycling Cong, Thome -Kozimiensky, Ed, Berlin. 
VI, 1979, 714-721; each of which were supplied in the Disclosure 
Statement submitted September 10, 2007). Thus the pyrolyzed but 
not activated product or char of Bagreev would be expected to ■ 
contain more contaminants and. have a poy pore structure in 
comparison to the activated Carbons of the instant invention. 

Ip addition to the comments supra., applicants stress that 
activated carbons which aire prepared from a different starting 
materials, . such as sewage sludge, rather than poultry manure, 
woui.d not possess the same properties, and particularly would no: 
exhibit the same high capacity for metal ion adsorption, as 
activated carbons produced firom poultry manures in accordance 
with applicants' invention. Again, the effect of the starting 
material on the properties of activated carbons, and particularly 
the difference in adsorption properties even among materials 
having similar high BET surface areas, is particularly apparent 

12 
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in Examples 2 and 3 of the instant specification wherein 
applicants compared a variety of activated carbons with those 
prepared from poultry manures. As shown in Tables 2 and 3, 
although other activated carbons also possessed equal or higher 
BET surface areas than those prepared from poultry manures, all 
were significantly less effective adsorbents for metal ions. 

Specifically with respect to the properties of activated 
carbons produced from municipal sewage sludge, Fitzmorris et al . 
(2006, Journal of Residual Science & Technology, 3:161-167, a 
copy of which is enclosed and of which the instant applicants are 
co-authors) compared the effectiveness of activated carbons 
prepared from sewage sludge and poultry manure as adsorbents for 
varxous anions and cations. As summarized in Tables 1 and 2, 
activated carbons produced from poultry manure' (litter or cake} 
exhibited significantly greater adsorption of the metal cations 
cadmiqm, chromium, copper, nickel, and zinc than activated 
carbons produced from sewage sludge. 

Rejection Under 35 U.S.C. 102/1.03 



Claims 15-21 have been rejected under 35 U.S.C. 102(b) as 
being anticipated by, or. in the alternative, as obvious over Chen 

lew of Shinpgi (Basic Characteriptics of • Low -Temperature 
Carbon Products from Wa^te Sludge,- Adv. gnviron. £ee., 2003, 7, 

13 
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665) and Chiang . The Examiner has taken the position that 
activated carbons of Chen contain a high phosphorous Content 
(demonstrated by Shinogi) and anticipate the claims. Applicants 
respectfully disagree. 

Chen discloses the production of pyirplyzed adsorbents from 
municipal sewage sludge for removal of pollutants. The referenc 
discloses impregnating the sludge with zinc chloride prior to 
pyrslysis, and that the resultant adsorbent comprises a B3ST 
surface area of 647 m 2 /g. Additionally, the Reference discloses 
that the adsorbent is effective for adsoirption of phenol and 
carbon tetrachloride. 

Shinogi, Chiang, and the instant invention were described in 
response to the rejection over Bagreev. 

As in the rejection over Bagre^v, the adsorbent of Chen is 
activated, but only pyrolyzed. Again, activation to produce 
activated darbons, as claimed, requires the treatment of the 
pyrolytic product (i.e., ch^r) with an activating gas sych as 
steam to remove otganic contaminants and increase pore size. 
This is not disclosed by Chen, and thus the pyrolyzed but not • 
activated product or char would be expected to contain more 
contaminants and have a lesser pore structure . than an activated 
carbon such as in the instant invention. 
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The adsorbent of Chen also differs from the activated 
the invention in its adsorbent properties. As With Bagireev, 
adsorbent of Chen is also produced from municipal sewage 
waste, and thus would iiot possess the same properties, and 
particularly would not exhibit the same hi^h capacity for metal 
ion adsorption, as- activated carbons produced from poultry 
manures as claimed. Applicants arguments with respect to the 
adsorption properties of the materials presented in the response 
to :he rejection over Bagreev are equally applicable here 

Rejection Under 35 ■U.S,C,_103 



tr.s 
and 



Claims 1, 2, 7, 9-13 and 15-20 have been rejected under 3 5 
C. 103 as being unpatentable over Carugati iri view of Landis 
Shinogi (2003, Pyrolysis of Plant, Animal and Human Waste: 
Physical and Chemical Characterization of the Pyrolytic Products 
Biosresource Technol . , 90:241-247.). The Examiner has taken the 



position that it wpuld have been obvious to substitute the maiiur 



1 



of Laridis for the coal of Carugati as a source of hiamic acid for 
preparing activated charcoal. Applicants respectfully disagree. 

Applicants believe that their remarks presented in response 
to this rejection in the last Office action are still appropriat 
and I are repeated. However, in an effort to expedite prosecution 
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claim 1 has been amended to insert, the limitations of non- 
rejected claim 3 therein. Allowance is respectfully requested. 



bel 



For the reaspns. stated above, claims l, 2, and 4-24 are 
-ieved to distinguish over the prior art c-f record. Allowance 
thereof is respectfully requested. 

Respectfully submitted, 




Randall g > /6eck / Agent of Record 
Peoria, IL Registration No. 34,078 

V681-6515 



309 



FAX: 309/681-6688 
202/720-4866 or -2421 



enclosure : 

-Fitzmorris et al. 2006, Journal of Residual Science & 
Technology, 3:161-167 (7 pages). 
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Anion land Cation Removal from Solution using Activated Carbons 
from Municipal Sludge and Poultry Manure 

KARI P. FITZMORRTS 1 '*, ISABEL M. LIMA 1 , WAYNE E. MAR$HALL 5 and ROBERT S. REIMERS 2 

l SRRC, ARS, USDA. New Orleans, Loitisiaria 
2 Tulane University* School of Public Health and Tropical Medicine, New Orleans, Louisiana 



ABSTRACT: The removal of potentially toxic metal cations and anions from water is Es- 
sential to providing safe w^tef for consumption and recreation. The objective of this 
study was to evaluate the ability of activated carbons rnftde from municipal sludge and 
poultry manure to remove certain metal cations and anions from solution: Adsorption of 
the cations cadmium, copper, chromium, lead, nicKel arid zinc and the anions arsenic 
and selenium was carried out at pH 5, Lead was the most easily adsorbed cation by all 
three carbons, and the carbon from poultry cake adsorbed more cations, in general, 
than the other two carbons. However, arsenic arid selenium were adsorbed monf readily 
by the sludge-based carbon than the manure-based carbons. Combinations of both 
sludge- and poultry manure-based carbons may be efficacious toward the removal of 
low levelsof cations and anions commonly found In municipal and industrial wastewater. 



INTRODUCTION 

T — HE issue of removal of potentially toxic metal cat* 
ions arid anions including arsenic aild selenium 
from diverse water sources has taken on greater impor- 
tance over ihe last decade because of the documented 
link between their presence and adverse effects on hu- 
man health- The metals lead, cadmium, nickel zinc„ 
chromium, and copper along with the non^metaljic an- 
ions selenium and arsenic used in this study are listed as 
priority toxic pollutants by the National Recommended 
Water Quality Criteria developed by the US EPA (EPA, 
1 999) and are found on the 2003 CERCLA Priority List 
• of Hazardous Substances (ATSDR, 2Q03). 

The production of municipal sludge and animal ma- 
nures is increasing yearly in the United States resulting 
in the jieed for new, innovative disposal solutions. The 
key to this problem is finding reuse options for the 
wastes that are valuable to the producer. The use of ma- 
nures as fertilizer sources high in nitrogen and phos- 
phorus is beneficial, but the production rates generally 
exceed the \ unount necessary for application and do not 
meet plant requirements. The agricultural community 
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is currently struggling to provide adequate treatment 
for manures due to the high cost of treatment processes 
and the restrictions on reuse. 

Iticonsidering the reuse potential ofthe waste materi- 
als* activated carbon was chosen due to its high market 
value. Exiting research into the use of municipal 
biosolids as a source for activated carbons is limited. 
Most of the work focuses on use as a fuel scarce 
(Jnguanzo et al. T 2002) or in the pyrolysis of sludges 
without activation conditions applied (Bashkova et aL t 
2001; Bagreev and Bandoz, 2002). Bilitewski (1379) 
converted municipal biosolids and other waste materi- 
als to activated carbon. He used sewage sludge, mu aici- 
pal solid waste and poultry droppings along with waste 
tires and paper mill waste as sources for activated car- 
bon. The municipal waste exhibited a BET (Brai auer 
Emiriett Teller) surface area of 102.3 jn/Vg, second only 
to paper mill waste in his study. The poultry droppings 
had a lower percent ash (52.4%) than the sewage si Jdge 
(75-80%) although the BET surface area was 
ffl 2 /g. Work that is more recent has investigated further 
the use of municipal waste as source for activated car- 
bon. In studies such as those by Chiang and You (1987), 
Jeyaseelan and Qirig (1996), lay et al. (2001a and 
2001b), Chen et aL (2002) and Martin et al . (1 996), 2 
vation was conducted with ZnCl 2 and the adsorption of 
various organics was investigated, Rozada et al. (2003) 
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et al, (2003) examined the adsorption of 
dyes using he carbons activated with tt^SO^ 

The use of poultry waste as a source of activated car- 
bon (Bilitewski, 1979, Lima and Marshall, 2005a, 
2005b, 200Sc) is promising due to the high organic con- 
tent of the htter and cake. Additionally, Lima and Mar- 
shall (2005a, 2005b) demonstrated that carbons froth 
broiler cake and litter showed high adsorption potential 
towards thl divalent cations of cadmium* copper, 
nickel and jzinc. Combining this finding with the ab- 
sence of commercial carbons on the market capable of 
adsorbing nietals, greatly increases the potential of 
poultry waste carbons to fit into a much needed market 
niche. The key is the profitable reuse of wastes that cur- 
rently do not represent much more than a liability for 
the producers. 

The objective of this study was to determine the effi- 
cacy of cation and anion adsorption by carbons made 
from muiucjipal sludge, poultry litter, and poultry cake. 
For the adsorption studies, several cations and anions 
were selected for a competitive study based on their im- 



portance as 



Drying and Pellctization 

Municipal sludge cake, broiler litter and broiler take 
were milled in a Retsch cross-beater mill (Glen Mills 
Clifton, NJ) to a particle size of less than US 20 mesh ( 
mm). At this stage, samples of sludge, broiler Intel and 
cake were sent to an outside laboratory (Central Analyt^ 
ical Laboratpries* Metairie, LA) for elemental analysis 
of total carbon, nitrogen, phosphorous and sulfur.1 The 
same laboratory also determined ash and moisture con- 
tent, The remainder of the municipal sludge, btpiler 
cake and litter was brought to a moisture level of 20 to 
35% by mixing the dried samples with water in a riibon 
blender. Moisture content was monitored by usihg a 
Sartorius Moisture Analyzer model MA 51 (Sartojrius, 
Brentwood, NJ), The samples were pelletized [in a 
PMCL5 Lab pellet mill (California Pellet 
Merrimack, NH) equipped with a 5 mm die plate. The 
pellets produced were cylindrical with a 5 mm diameter 
and 5 mm length. 



environmental contaminants. The concen- Pyfolysis and Activation 



trations of these ions were kept at a value where they are 
sometimes encountered in municipal and industrial 
wastewater! Two representative cations (lead* cad- 
mium) and one representative anion (arsenic) were also 
evaluated m an individual basis to Gdmpare the 
adsorption with those results from the competitive 
study. 



Materials and methods 



Materials 



The municipal sludge cake was obtained from the 
Morgan City Wastewater Treatment plant, Morgan 
City, LA where it was spread and dried indoors on plas- 
tic sheeting? for ten days. The filial moisture content of 
the sludge (pke was 10 to 15%. Poultry litter and poulr 
try cake were obtained from the USDA-ARS, Waste 
Management and Forage Research Unit, MS State, MS 
and, as collected, had a moisture content of 25 to 30%. 

The metal cations, consisting of cadmium (Cd 2 *), 
chromium jCCr*), copper (Cu 2+ ), lead (Pb 2 *), nickel 
(Ni 2+ ) and zinc (Zn 2+ ) and non-metal anions, consisting 
of arsenic (As 5 *- as arsenate) and selenium (Se 6+ as 
selenate) used in this study were obtained from Fisher 
Scientific in a SPEX CertiPrep Plasma Emissions Stan- 
dard Kit (ICP-K1T-2), 



Pelletized sludge, broiler cake and litter were placed 
in a ceramic evaporating dish and then placed in a b inch 
furnace equipped with a retort (Lindberg/Bluej M, 
Wat$?tdwn, WI). Pellets were pyroiyzed at 700*C for 
one hour under a flow of nitrogen gas set at a flow! rate 
of 0. ImVh. Steam activation involved injecting water at 
a flow rate of 3 mL/min, using a peristaltic pump, into a 
flow of nitrogen gas entering the heated retort. 
Pyroiyzed chars were activated at 800°C for 45 Uin- 
The optimum activation conditions were determined 
from previous studies using copper adsorption rates 
and BET surface area analysis (Lima and Marshall, 
2005a), Activated carbons were; allowed to cool to 
room temperature overnight in the retort. The samples 
were then rinsed through a 250 pm (60-mesh) sieve and 
stirred for one hour at 200 rpm in 0.1 mol/L HClJThe 
carbon was rinsed again through the 250 um sievi and 
placed in 3L of deionized water. This rinsing process 
was repeated three times; At that time, a small sample of 
the carbon was placed in a solution of O.08nol/L 
Pb(N0 3 )2. If precipitation occurred, the acid wash/rins- 
ing process was repeated until no precipitate formed. 
The sample was then rinsed again, placed in a 
pre- weighed crystalline dish, and dried overniglit at 
80°C 

Prior to analysis, the carbon was ground and sieved to 
less than 45pm particle size to ensure a consistent p rod- 



PAGE 19/24 • RCVD AT 9 412008 6:51:55 PM [Eastern Daylight Time] ■ SVR:USPTO-EFXRF-5/37 * DNISOTOQ * CSID:309 681 6688 ■ DURATION (mm-ss): 



07-00 



Best Available Copy 

2008-Sep-04 06:05 PM, USDA ARS OTT 3096816688 



20/ 



Anion and Cation Remove! from Solution using Activated Carbons from Municipal Sludge and Poultry Manure 



uct. The carbon was analyzed in the powdered form to 
achieve faster uptake rates, and to eliminate the aspect 
of diffusion. 

A s^mpl^ of the dried carbons was sent to an outside 
laboratory for elemental analysis of total carbon* nitron 
gen» phosphorous and sulfur and also ash and moisture 
content. 

Physical Properties 

Carbon yield was calculated by the following equa^ 
tion: 

Carbon yield (%) = &Wt c * Wt m ) x J00] 

Where Wt m = dry Weight in g of the sludge or manure 
and Wt c = cpr weight in g of the carbon after acid and 
water washes. 

Surface ^rea measurements were taken using the 
NOVA 200p Quantachroine Surface Area Analyzer 
(Model #Np2-14, Boynton Beach, FL). SET surface 
area was obtained from nitrogen adsorption isotherms 
at 77°K. Micropore distributions were calculated using 
t-plots derived from the NOVA 2000 software. 

A tamping procedure described by the American Wa- 
ter Works Association was used to determine the appar- 
ent bulk densities for the carbons. Ift this procedure a 
10ml tube with sample was filled 1ml at a time, capping 
and tapping to a constant (minimum) volume. The ap- 
parent density (g/cm 3 ) was calculated as the ratio be- 
tween weight and volume of packed dry material. The 
method is adapted from ISO 787-11:1995. Attrition 
was not assessed since the carbons used were in a pow- 
der form omess than 45 jim particle size for all adsorp- 
tion studies-. 

The pH was mbn itored according to method 4500 H + 
of The Standard Methods for the Examination of Water 
and Wastewater (APH A, 1998) . 

Adsorption Properties 

Two separate sets of samples were required for this 
study. The |irst set designated as the control contained 
25 mL of splution containing 10 mg/L of each of the 
eight cations and anions. The second set of samples 
contained the same solution of cations and anions along 
with the carbon.. These experiments were designated 
"Competition study" due to the presence of all eight 
cations and anions. In a separate study, designated the 
"Individual ion study" the cations cadmiuni and lead 



163 
with 

togy 



and the anion arsenic were evaluated individually 
the sarne controls set up as before. The methodo 
. was the same for both experiments. The carbons were 
assessed for their ability to adsorb rtiet&l ions and 
non-metal ions using solutions containing 10 mg/L of 
each cation or anion. A carbon dosage of 0.25 -g was 
added tp 25 mL of lOmg/L ion solution and the pH of 
both sets of samples was adjusted to 5 with either 
O.lmol/L HC1 or 0.1 mol/L NaOH. the individual ion 
study was also conducted at pH 5, This pH value was 
determined to be optimum from previous studies with 
relation to minimum precipitation and maximum ad^ 
sorption (unpublished data). The ion mixture witkout 
carbon and the ion mixture with carbon were agitated 
with a magnetic stirrer at 300 rprn for 4h. The pHlwas 
adjusted during the course of the experiment and die fi- 
nal pH was usually within ± 0.5 prj units of the nominal 
values, but within ± 0.2 pH units of matched control 
samples at the sarhe pH. The addition of the carboji re- 
sulted in the pH of the solution drifting to 7-9 at the be- 
ginning of the experiment but was quickly adjusted 
back to within the desired range in not only the set of 
samples with the carbon, but also the controls. AUqjuots 
from both sets of samples were drawn off in a dispos- 
able syringe* and then filtered through a 0.22 u,m pore 
size filter (Miijipore Corp., Bedford* MA) to remove 
any precipitate or carbon particles. The sample was di- 
luted 1:100 by volume with 0.63 mol/L nitric jacid 
(HN0 3 , Ultrapure, ICP grade) and analyzed by induc- 
tively coupled plasma (ICP) spectrometry using a dual 
view, Leeman Labs Profile ICP-AES (Leeman Labs, 
Hudson, NH). 

RESULTS 

Sample Characterization 

Select physical and chemical properties of the car- 
bons used in this study are presented in Table 1. The 
percentages of carbon, nitrogen, phosphorus, and sul- 
fur are given for both the starting material ana the 
end-product carbon, in order to compare concentre tion. 
or loss of the elements during the carbonization and 
activation process. 

More total carbon was found in the poultry cake and 
Utter than the municipal sludge. The municipal sludge 
also had the lowest level of total carbon in the activated 
carbon product as well* Nitrogen and sulfur content of 
the source materials were Ipw and were similar to each 
other, As ini the case of total carbon, there was a reduc- 
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1<*b1e T. Physical am/ chBmtcaf properties of carbons used in this sf wty r 



Propjerty 





Municipal Sludge 


Poultry Utter 


Poultry Cake 




49.1 


30.8 


28.7 




0.64 


0.54 


0.G2 


) 

(m'/g) 


123 


441 


426 


64 


354 


357 


Raw 




34,'4 




Activated Carbon 






17:2 


Raw 






3.62 


Activated Carbon 


0;6T 


.0^5 




Raw 


\J5 


1JSB 


1,94 


Activated Carbon 


4,-1 i4 






Raw 


Q-sa 


0.67 


0.83 


Activated Carbon 


0.59 


0.64 


0.80 



Yield {%)* 

Bulk density (g/mL) 



Carbon (%) 
Nitrogeh (%) 
Phpsphorua (%) 
SulfJr (%) 



^Activated carbon yield prior to washing 



tioa in nitrogen content upon carbonization and activa- 
tion. Volatilization of carbon and nitrogen combined 
with hydrcgen and/or oxygen likely occurred. Sulfiir 
content reinained at similar levels in all samples after 
pyrolysis uid activation. Phosphorus however, in- 
creased dtiring pyrolysis and activation. This increase 
in phosphorus was also much higher in the poultry cake 
carbon. Phosphorus does not appear to be volatilized 
during heatiftg, which may signify that it is in an ionic 
formratheF than in an elemental or non-ionic f ornxmore 
subject to volatilization. 

The municipal sludge carbon gave the best percent 
yield (49vo) among the three carbons. Bulk densities 
were similar for the municipal sludge and poultry cake 
carbons and lower for the poultry Utter carbon. How- 
ever, the surface area for the municipal sludge carbon 
was the lowest of the three carbons. The poultry car- 
bons exhibited surface areas around 3.5 rimes that of the 
municipal sludge carbon (123 vs- 441 or 426 rrf/g). 
These total surface areas are relatively low compared to 
commercial carbons, which are generally in the range 
of 5^ - 1500 m*/g (Wagner and Jula, 1981); The low 
surtax areas suggest chemisorption may be the main 
form of adsorption, i.e, the functional groups on the sur- 
face of the carbons are playing the main role in adsorp- 
tion, not the porosity. 

Generally, in order to assess the value of carbons to 
adsorb metal ions, their negative surface charge is de^ 
tennined. 1 Nutshell-based carbons with high negative 
surface ctotrge, especially those values that exceed 3.0 
ipmol of H + equivalent per g of carbon, adsorb high 
concentrations of metal ions (Toles et al, 1999). The to* 
tal negative surface charge of the carbons used in this 
study ranged from 0.0 to 0.78 mmot H + eq/g carbon at 
pH 5 (Data not shown). 



Johns et al. (1999) found that pecan shell-based car- 
bons that had been steam activated, such as the carbons 
in this study, and commercial carbons with surface 
charge in the above range had poor metal ion adsorption 
of about 0.20 to 0.30 mmol of metal ion bpund per ^ram 
of carbon. 

Competitive Ion Study 

Competition among metal cations and arsenic ar d se- 
lenium anions for adsorption sites on the carbon sti if ace 
were investigated at pH 5. As stated in tbe methodol- 
ogy, controls were conducted to simulate the conditions 
of the adsorption vessels including the variations in pH 
specifically with relation to the carbon addition. 

The cations and anions were investigated for their 
ability to bind to the three different activated car] >ons. 
The percent adsorption data was obtained by using the 
amount in the control as the starting concentration to 
which the final concentration was compared. Carbon 
adsorption results for the competition study are found 
in Figure i and appear to depend on the carbon 
employed, 

For the sludge-based carbon, the highest percent ad- 
sorption of any ion was lead with greater than 90% ad- 
sorbed. This adsorption value was similar to those for 
the two poultry manure-based Carbons, which achieved 
100% adsorption of lead at pH 5. Arsenic and selenium 
also showed considerable adsorption (65% and 56%, 
respectively) for the municipal sludge carbon, whir e as 
the adsorption levels of the broiler cake and broiler lit- 
ter carbons was negligible (less than 4%). The pe rcent 
cadmium (27%), chromium (88%), and nickel (2%) 
bound by the sludge-based carbon were considerably 
below comparable values of 81% and 74% for cad* 
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Figure 1< 

made from 
petiUve ion 



Cu 



8a 



Cd Cr 

| a Mwicfpat Stuflge ■ Ppufoy Utter ■ Podtty C&Y* 



Zn 



Percentage of anions and cations. adsorbed by carbons 
municipal sludge, broiler cake and broiler litter in a corn- 
adsorption study. 



mium, 1Q0<%> and 100% for chromium and 46% and 
24% for nickel for the broiler cake and broiler litter 
carbons, respectively. 

Both broiler manure-based carbons adsorbed zinc in 
high amounts at pH 5 (> 80%) and have high phrornium 
uptake (100%). in addition, the poultry cake carbon ap- 
peared to adsorb slightly higher levels of nickel than the 
poultry litter carbon, 46% versus 24%, 

Overall.' the manure-based carbons adsorbed signifi- 
cant amounts of the ions in solution and bound more 
cations than the sludge-based carbon. 

Individual Ion Study 



The assessment of the adsorption of select cations 
and anions on an individual basis was conducted using 



the same 



experimental method as the "Competition 



study" The anion arsenic as arsenate and the metal ions 
cadmium aiid lead were selected out of the original 
eight ions because they showed good adsorption pef- 




Municipal Sfadgo ■ Poultry Utter M Poultry Cako 



Figure 2. Percentage of arsenic, cadmium and lead adsorbed by 
carbons made from municipal sludge, broiler cake and broiler litter in 
an Individual ion adsorption study. 
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As Cd 

MS 

fiiOQnipeUBon Study ■ Individual Study | 



Cd 
PC 



Figure 3. Comparison of percentages of anion and capon t (Sorp- 
tion for$rienfc, cadmium arid lead based on their performance in the 
presence of competing tons or in xho absence of competing! ions. 

centages with pne or more of the carbons and also (iue to 
their importance as environmental pollutants. 

A much greater percentage of arsenic (45%) was re- 
moved by the municipal sludge-based carbon than by 
the two broiier carbons (15% for cake and 6% for litter 
(Figure 2). This observation was similar to the results 
seen in the ion mixture (Figure 1) and reinforces the 
contention that the sludger-based carbon is better at ar- 
senic removal. Removal of residual lead via adso ption 
was complete (100%) with all carbons examined. The 
broiler-based carbons removed a greater percentage of 
cadmium than the siiidge-based carbon. The mur icipal 
sludge carbon adsorbed 47% and the poultry litter car- 
bon arid poultry cake Carbon adsorbed 80% arid 87%, 
respectively. 

A comparison of percent adsorption of the cttions 
cadmium and lead arid the arsenate anion in the pres- 
ence or absence of competing ions clearly demonstrates 
the strong adsorption of lead ion by all three c* rbons 
(Figui?e 3). Lead appears to be the ion of choice l br re- 
moval and the presence of numerous cations and i nions 
has little if any affect on its binding. Cadmium and ar- 
senic display greater adsorption in the absence of com- 
peting ions except for arsenic binding to mur icipal 
sludge-based carbon. 

DISCUSSION 

The levels of cations and anions used for adso "ption 
purposes in these studies Weie established at 1 0 m %fL or 
10 ppm to simulate values that can be found in various 
types of municipal and industrial wastewater. However, 
levels of chromium, copper, nickel and zinc can often 
exceed 10 mg/L in effluents found in the jnetal plating 
industry. For the present study* the carbons, in many 
cases* reduced the levels of the metal$ to below the 
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Maximum Contaminant Levels set forth in the US EPA 
Drinking Water Regulations (Pontius, 2003). 

For carbon adsorption of anions (arsenic, selenium), 
the carbon produced from municipal sludge was found 
to bind a grater percentage of aiiion than the carbons 
made from poultry manure in both a competitive and in- 
dividual ion situation. Overall, the poultry cake carbon 
performed t^e best out of the three carbons. As com- 
pared to the poultry litter carbon, the results Were simi- 
lar wjth regard to the type of metals adsorbed* though in 
general the poultry cake carbon adsorbed higher 
amounts. This phenomenon could be due to the compo- 
sition of the waste itself. The main difference between 
poultry litter and poultry cake l ies in the amount pf bed- 
ding material to which the manure js added during a 
growout. The poultry litter includes a higher percentage 
of this bedding material (30% by volurne).whidi is usu- 
ally composed of wood shavings or other fibers high in 
cellulose. TTie poultry cake is limited to a maximym of 
5% of bedding material* This is evident by the results in 
Table 1, The percent yield for the poultry litter was 
higher than ( the cake along with the carbon content, 
which indicates the presence of a higher level of 
plant-based material, in this case bedding. 

The cations adsorbed most efficiently were lead» 
sine, and chromium when these metal ions were avail- 
able for carbpn adsorption. At pli 5 r both poultry car- 
bons adsorbed zinc, and the municipal sludge carbon 
adsorbed chromium. Iii the individual ion study, the 
two poultry maim re-based carbons poorly adsorbed ar- 
senic. This c 5uld be due to the anionic properties of ar- 
senic, which affects the charge relationship Of the metal 
to the functional groups on the carbon, thus the surface 
properties of these carbons are such that they attract 
positively charged ions. Generally, the broiler ma- 
nure-based carbons adsorbed more cations than the 
municipal sludge-based carbons. 

In the case of arsenic and lead, the adsorption 
amounts were higher when the competition situation 
was rernovecL However, cadmium adsorption was com* 
parable in the individual study and the competition 
study based [on percent adsorbed for all three carbon 
types. In addition, the actual amounts adsorbed wfefe 
lower in the competition study as compared to the indi- 
vidual studyj. This is evident by the percentages ad- 
sorbed staying consistent in the two studies, but the 
amount available for adsorption increasing in the 
individual study. 

It is important to note the behavior of ionic species 
with regardl to their classification. According to 



Pearson's classification (Stumm and Morgan, 1996), 
nickel and copper are listed as borderline metals, 
though in the adsorption studies, they appeared to fol- 
low the behaviors of both the borderline and soft met- 
als. The two most obviously similar metals are zinc and 
cadmium. It is easy to note from the adsorption val jes 
especially with the poultry carbons, the similarity in the 
adsorption of these two metals. At pH 5, zinc is predc m= 
inantiy occurring as Zn 2 + and cadmium as Cd 2 +. V&tb 
the metaJs discussed above, it is interesting to note that 
the metal is adsorbed best in its ionized form. 

It is aUo important to note from Pearsons classifica- 
tion that soft acids have an affinity for phosphorus as a 
ligand atom over nitrogen. This could be important 
with relation to the functional groups on the surface of 
the carbons responsible for adsorption. As noted in Fa- 
ble 1 , phosphorus amounts increase when the raw mi Lte- 
rial is converted to activated carbon. The metals in the 
borderline Category may also show an affinity for phos- 
phorous, but are not limited by them. Borderline me als 
may show preference for oxygen binding sites as would 
exist if the phosphorous is predominantly in the 
phosphate form (Stumm and Morgan, 1 996). j 

CONCLUSIONS j 

This study has shown that for anion adsorption, the 
carbon made from municipal sludge is effective in this 
tegard and adsorbs a greater percentage of arsenic arid 
sdenium than two poultry manure-based carbons* On 
the other hand, for metal cation removal, the ma- 
nure-based carbons are the better choice. Indeed, jthe 
two different types of carbons working together may be 
particularly effective in adsorbing many different [an- 
ions and cations from solution at acidic pH values. 

The adsorption of anions and cations is normalljy a 
function of the surface chafacteristjes of the carbon . In 
the present case, the surface properties of the sludge- 
and manure-based carbons must be studied in detai to 
ascertain the functional groups responsible for their 
activity. 

DISCLAIMER 

Mention of names of companies of commercial pr xl 
ucts is solely for the purpose of providing specific in- 
formation and does not imply recommendation or en- 
dorsement by the US Department of Agriculture over 
others not mentioned. 
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